It has been recently posited that ultrasonography should serve as the ''fifth pillar'' of the physical examination. 1 As such, we read with interest the review by Johri et al summarizing the current cardiac point-ofcare ultrasound (POCUS) programs integrated into medical school curricula. 2 One topic raised by the authors concerns the ideal timing for introducing the curriculum in medical school, citing that students may benefit after obtaining a background knowledge base in cardiac anatomy and physiology. In their review, they cite several successful 4-year curricula currently in place; however, the one dedicated cardiac program that assessed 12 preclinical first-year students had poor results, with an average postcurriculum competency of 61.3%. In this study, students in the third (clinical) year had higher competency thought secondary to a ''priming effect'' of preclinical education. 3 
A CARDIAC POCUS PROGRAM TO ACCOMPANY THE PRECLINICAL CARDIOLOGY CURRICULUM
We recently developed an 8-hour cardiac POCUS curriculum that sought to integrate cardiac POCUS into the preclinical cardiac pathophysiology module to promote better comprehension and visual correlation than is possible with standard didactics alone. Each session was staffed by six cardiology fellows, a full-sized, cart-based echocardiography machine, and the study coordinators. Cardiology fellows taught four students during each session, with the first and last sessions requiring the use of student models for pre-and postcurriculum assessment. Our curriculum (Supplemental Table 1 , available at www. onlinejase.com) was composed of four 2-hour modules that encompassed the domains of (1) ultrasound technique and anatomy, (2) pathophysiology, (3) simulation lab-facilitated, case-based didactics, and (4) fellow-supervised echocardiography practice time. A cardiac POCUS competency exam (Supplemental Table 2 , available at www. onlinejase.com) was administered prior to hands-on training and then again at the end of the curriculum. The competency exam, structured as an Observed Standardized Clinical Examination, measured the ability of students to obtain the parasternal long-and short-axis views, the apical four-chamber view, and the subcostal long-axis view while recognizing key anatomic structures in each view. Additionally, student demographics, loosely defined ''prior experience with echocardiography,'' and postcurriculum perceptions were evaluated via two voluntary qualitative surveys that used a series of multiple-choice questions on a Likert scale as well as a free-text section for subjective comments. The primary outcome measure was the change in mean score on the competency exam after completion of the curriculum, and secondary outcome measures included student attitudes toward (1) program execution, (2) subjective echocardiography competency, (3) echocardiography as a cardiology learning tool, and (4) inclusion of echocardiography in preclinical medical education.
CURRICULUM EFFECTIVENESS
Forty students enrolled in the curriculum from 2015 to 2016, and 35 students completed at least three of the four sessions in full. Administration of pre-and postcurriculum competency exams revealed significant improvement in cardiac POCUS skills from baseline as seen in Table 1 . A paired t-test showed that there was a 66.6 (SD = 33.8; 95% CI, [55.5, 77.7]; P < .001) percentage point improvement in score average from 28.9% to 95.5%. Of note, 17 students had some prior experience with echocardiography prior to completing the study, and there was significant competency improvement in this subgroup as well. The postcurriculum survey showed that 30 students (78.9%) rated themselves ''somewhat or extremely competent'' in the use of echocardiography after the program, compared with 36 students (94.7%) who rated themselves ''somewhat or extremely incompetent'' prior to the program ( Figure 1 ). Additionally, surveys revealed that 34 students (89.4%) agreed or strongly agreed that the course helped them get more out of their concurrent cardiovascular pathophysiology course. In addition, 35 students (92.1%) also agreed or strongly agreed that their understanding of core concepts in cardiology had improved as a result of the program. Finally, 35 students (92.1%) also agreed or strongly agreed that echocardiography should become part of the standard medical school curriculum and would ''make them a better and/or more competent physician'' ( Figure 1 ).
LIMITATIONS
Our curriculum was a voluntary program and as such carries some noteworthy limitations. The cohort and the results of the study may represent selection bias for a set of students who favor hands-on training rather than students at large, and due to logistical difficulties, we did not assess students' long-term knowledge retention after the program completed. Additionally, as we did not have a control group, we cannot ascertain what incremental benefit our POCUS program had over the standard preclinical cardiology curriculum, which does not include ultrasound. Finally, it is difficult to predict what impact widespread cardiac POCUS will have on false-positive diagnoses, false-negative diagnoses, or further downstream testing and resource use when students later apply their POCUS skills as active clinicians.
CONCLUSIONS AND FUTURE DIRECTIONS
In this first study of a dedicated preclinical cardiac POCUS curriculum, we demonstrated that (1) preclinical medical students are successfully able to learn dedicated cardiac POCUS alongside their preclinical cardiology curriculum and (2) overwhelmingly students believed it aided their understanding of core cardiology concepts. The competency score improvement is consistent with other studies of POCUS curricula that are reviewed by Johri et al 2 Importantly, there was near consensus among our cohort that cardiac POCUS is an effective learning tool. This was reflected and reinforced in the free-text feedback we received as students felt that the program helped them integrate and learn key cardiology concepts and that clinical competence in echocardiography had a place in the standard preclinical curriculum. We believe our curriculum documents the viability of educating preclinical medical students in cardiac POCUS and that such skill development can enrich their study of cardiac pathophysiology. Ultimately, we envision the expansion of focused PO-CUS training across the preclinical and clinical medical school curriculum, thereby providing students the same didactic benefit for the different pathologies studied and familiarizing students with all the modalities of ultrasound in patient care.
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Reply to ''Development of a Point-of-Care Cardiovascular Ultrasound Program for Preclinical Medical Students''
To the Editor:
We read with great interest the article by Kumar et al., 1 which adds to the increasing body of literature demonstrating the utility of a point-of-care ultrasound (POCUS) curriculum for medical students. Their work aids in furthering our quest to determine both (1) the most appropriate timing to integrate a focused cardiac ultrasound curriculum into medical school and (2) how to provide and allocate appropriate resources to implement an effective curricular program.
In their work, Kumar et al. 1 delineate a learning environment in the preclinical phase of medical school education, a stage of learning that is ripe for the introduction of advanced learning tools such as POCUS to enhance students' understanding of fundamental anatomy and physiology. As we described in our recent review of the components of a medical school POCUS curriculum, 2 laying the foundations of medical knowledge early facilitates an approach to understanding disease pathology and enhances technical abilities by allowing trainees to acquire images within a clinical context.
The review cited by this group was aimed at synthesizing the various approaches to POCUS offered in medical school into one suggested flow diagram (Figures 1 and 2 in Johri et al.
2 ). The work presented by Kumar et al.
1 provides a practical application of components of this approach at their medical school. They have used a similar modular curriculum, focusing on the preclinical phases of medical education. Through pre-and postassessment, as well as subjective opinion surveys, it is clear that their goals of enhancing these trainees' exposure and understanding of the basic relationships between anatomy, physiology, and their students' ability to acquire POCUS images, was achieved. Their approach upholds the core tenets of POCUS in medical education as discerned by the American Society of Echocardiography POCUS task force, namely, (1) didactic teaching, (2) image acquisition skills, and (3) image interpretation. 2 Similar to Cawthorne et al., 3 Kumar et al. used e-learning modules and a ''flipped classroom'' approach to provide students with didactic learning materials that otherwise might have been unattainable given the busy nature of the educators' clinical demands. Through the use of electronic learning modules, they were able to provide resources to students to go through at their own pace.
It is not surprising that Kumar et al. 1 found that students' core competencies in cardiovascular medicine increased from pre-to postassessment, which is in agreement with the adage ''if you teach it, they will learn.'' Although the benefits of such a program are difficult to ascertain in the absence of a control group, through the use of observed structured clinical examinations, the authors were able to demonstrate both objective and subjective measures of improvement with respect to their students' comfort with the foundations of complex physiological relationships. We expect that the students can build upon this during clinical training.
The authors clearly identified the limitations of their study, which include (1) student preference with respect to learning and engagement in the form of study population selection bias, (2) lack of assessment of long-term knowledge acquisition and retention, (3) the lack of a control group limiting the assessment of how such a curriculum compares to traditional educational programs, and finally (4) the risk that such a program will lead to overconfidence within trainees who, without further training, may be unable to ascertain the differences among true-positive, false-positive, false-negative, and true-negative results on POCUS examination. Upon conclusion of their study, almost 80% of the students who completed the modules and hands-on training rated themselves somewhat or extremely competent in the use of cardiac ultrasound. 1 This does raise the concern with respect to self-recognition of one's own limitations and suggests the need for further study on competency evaluation in this field. One can clearly see the danger that arises without significant initial and continuing competency assessments. Furthermore, without continued use, these skills will almost certainly face attrition.
Through the use of subjective assessments, Kumar et al. 1 were able to demonstrate student desire for further training in POCUS and the utility of ultrasound training in enhancing core anatomic and physiologic relationships taught within the first preclinical years of medical education. It is clear that these students are demanding increased exposure to advanced POCUS skills and technique, that is, the same skills and techniques they will use in addition to the traditional physical examination for rapid bedside assessment later on in their clinical careers. Educators and medical school deans need to pay attention to this appetite for ultrasound learning, as an integrated PO-CUS curriculum could be used by prospective medical students to select one school over another. To provide resources to these educators and students, the American Society of Echocardiography POCUS task force has created a soon-to-be-released modular medical school cardiac POCUS curriculum. The six to eight modules could be used in their entirety by medical schools new to teaching POCUS, or, for schools such as the Icahn School of Medicine, later modules could be selected from the menu to boost aspects of their programs as needed.
We commend Kumar et al. 1 for their curricular program and eagerly await further studies from their group. Important future questions to consider include how this training is retained or used during postgraduate training, how this training may influence career choice, and ultimately whether this training enhances the
